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 3. Results
￿ Across all regions, the greatest spatial variability of index scores was observed during winter.
￿ Variability of index scores among replicate sites within a region was generally greater for the offshore 
index than for its nearshore equivalent.
￿ Whilst there was no evidence of any relationship between the mean ecological quality of nearshore 
sites and the inter-seasonal variability in their index scores, inter-seasonal variability in offshore index 
scores was significantly and inversely related to site quality. 
￿ Most notably, sites in the Upper Swan Estuary (USE) generally exhibited lower ecological quality and 
greater temporal variability of index scores than did sites from other zones.
￿ The bias of the original nearshore index scores ranged from 1 point (underestimation of health) to ca 
-7 points (overestimation), with a mean negative bias of 1-2 points. Original nearshore index scores thus 
consistently overestimated health, most notably among higher quality sites.
￿ The bias of the offshore index scores ranged from 12 points to -30 points (mean = -4 points). Original 
scores of <45 for the offshore index thus represented probable underestimates of health, whilst those at 
the upper end of the scale are likely to have been overestimated. 
Spatial and temporal variability of multimetric health index scores: 
Implications for management
1. Background and Aims
Multimetric biotic indices integrate information from a broad suite 
of characteristics (‘metrics) of the biological communities upon 
which they are based, to provide a quantitative assessment of the 
ecological integrity (‘health’) of ecosystems (Fig. 1).
We developed an approach for constructing a fish-based, 
multimetric index for assessing the ecological health of the Swan-
Canning Estuary (Fig. 2).
In order to validate the reliability of the resulting indices for 
nearshore (<2 m depth) and offshore (>2 m depth) waters, we 
aimed to quantify
(i) the spatial variability of index scores among sites and estuarine 
zones 
(ii) the temporal variability of index scores between seasons 
(iii) the effects of random sampling variability on the bias of index 
scores, using bootstrap resampling techniques.
Chris Hallett, Fiona Valesini
2. Methodology
For a summary of index construction, see Fig. 3.
Validation of index variability:
(i) To quantify the degree to which the spatial variability of index 
scores among groups of replicate sites differed between regions 
and/or seasons during 2007/08, the standard deviations of the 
scores for each of those groups were calculated and compared.
(ii) To determine whether inter-seasonal variability in the index 
scores for a site was related to the ecological quality of that site, 
the standard deviation of the index scores among seasons in 
each year (2007/08 and 2008/09) was plotted against the 
corresponding mean index score for each site.
Spearman’s correlation tests were then performed to determine if 
ρ, calculated between the standard deviations and the means of 
the scores, differed significantly from zero at p = 0.05.
(iii) Bootstrap resampling techniques were applied to model the 
effect on index scores of any changes in the fish faunal 
composition of a sample that might arise due to random sampling 
variability.
1,000 bootstrap samples were created for each fish sample 
collected during 2007-2009 by randomly resampling from the 
original sample data with replacement. An index score was 
calculated for each bootstrap sample and the mean and 95% 
confidence interval of these resampled scores was calculated.  
The results of these bootstrap resampling procedures were used 
to establish the bias of index scores.
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4. Conclusions
The consistently lower spatial variability of nearshore and offshore index scores recorded in summer, 
autumn or spring indicates that these seasons might represent a suitable index period for future 
monitoring of the ecological health of the Swan Estuary.
The far greater inter-seasonal variability among offshore than nearshore index scores provides 
further evidence that the deeper waters of the estuary are in poorer health than the shallower waters, 
most notably in the upper reaches of this system.
Although nearshore index scores overestimated health, this led to a change in the accompanying 
qualitative health status classification (e.g. from ‘good’ to ‘fair’) on only 7% of occasions. The effect of the 
greater bias of offshore index scores should be considered when assessing the health status of offshore 
sites.
Overall, validation of the indices developed during this study has demonstrated that their spatial and 
temporal variability was comparable to that of existing multimetric indices employed in the USA and 
Europe, and that classification of the health status of the estuary was fairly robust, despite the effects of 
both natural spatio-temporal variability and sampling error on index scores.
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Figure 1. Rationale behind multimetric biotic indices of ecosystem health
Figure 2. The Swan-Canning Estuary and 
its Ecological Management Zones
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Figure 3. Stages in the development of the 
multimetric indices
Figure 4 * Standard deviation 
(s.d.) of nearshore (l) and 
offshore (r) health index scores 
among the 3 sites within each 
region of the Swan Estuary, in 
each season during 2007/08. 
Dashed line = avg. inter-site 
variability across all regions 
and seasons. 0
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(i) Spatial variability
Figure 6 * Bias (mean 
bootstrapped score minus 
original score) of the 
offshore (l) and nearshore (r) 
index scores throughout the 
estuary in 2007-09. Dashed 
line = zero bias. Solid line = 
simple linear regression of 
bias as a function of original 
index score.
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(iii) Random sampling variability
Figure 5 * Mean vs standard 
deviation (s.d.) of nearshore 
(l) and offshore (r) health 
index scores among 
seasons at each site 
sampled in 2007-09. Solid 
line = simple linear 
regression.
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(ii) Temporal variability
* Note the differences in scales of the y-axes between nearshore and offshore plots